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1. Introduction 
 
People’s everyday needs are expressed in demands for goods and services. These 
demands are directly related to the production processes and the use of resources, 
including energy resources. Every production process which is energy intensive produces 
emissions including carbon dioxide (CO2) (Druckman, 2009). In general domestic energy 
consumption depends on the weather conditions and the households’ residents’ quality of 
life which they can afford. As a consequence domestic energy consumption and CO2 
emissions are closely linked to the income of the household residents, the energy 
performance of the building, (which depends on type of dwelling, tenure and size of 
households) and fuel prices.  
The life style of people depends mainly on their income and can be investigated on the 
basis of their household expenditure (Office for National Statistics, 2012a). This suggests 
that the higher the income of the household residents the higher will be their expenditure 
on the domestic fuel use.   
Emissions from the domestic sector can be effectively reduced by the introduction of 
energy efficient measures. Energy efficiency measures installed in existing properties 
improve the quality of life of residents, reduce running costs and fuel poverty 
(Department of Energy and Climate Change, 2012b). 
 
1.1 Research objective and aim  
 
The objective of this thesis is to investigate using Geographic Information System (GIS) 
whether there is a correlation between CO2 emissions from domestic fuel use and the 
socio-economic condition of residents.  
Results will be utilized to create a series of maps as a visual support for a competent 
authority in decision making to identify areas with high domestic energy use and prepare 
a suitable action plan taking into consideration the socio-economic situation of their 
residents. Also how the outcomes from this study can best support the energy efficient 
schemes introduced in the UK to reduce the CO2 emissions from the domestic sector.  
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A key aim of this study is to identify the areas with high domestic energy use based on 
the:  
 type of households i.e. detached, semi-detached, terraced and flats  
 tenure of households: privately own and rented  
 socio-economic condition of the household  
Finally the CO2 savings from the installation of energy efficient measures in different 
types of households will be presented in a series of maps to illustrate the effects of action 
taken to reduce CO2 emissions in the residential sector. 
 
1.2  The study area 
 
The Greater London Authority (GLA) was chosen as a study area. London is the capital 
city of the United Kingdom (UK), which is located on the River Thames. The city is 
highly urbanised and densely populated.  Figure 1-1 presents the roads networks, water 
bodies and other features and the boundary of the GLA area.  
 
Figure 1-1: Topographic map of the GLA area (ESRI open source data) 
8 
 
The GLA area contains 32 boroughs, which are the principle local authorities in London. 
The latest 2011 Census recorded that there are over 8 million residents living in the 
London Greater Authority area. The population per London’s borough (number of people 
is presented in brackets) is shown in Figure 1-2.  
 
Figure 1-2: London’s population by borough, (Office for national Statistics, 2011) 
2. Background  
 
The UK’s Government committed itself to reduce greenhouse gas (GHGs) emissions to at 
least 80% below 1990 levels by 2050, by signing legally binding targets set in the 
Climate Change Act 2008. The 2050 reduction targets are supported by three carbon 
budgets, which were established to help phasing in the actions. In 2011 the UK’s 
Government established a fourth carbon budget for 2023 -2027, which set the target to 
reduce the GHGs emission by 50% of 1990 level (Joseph Rowntree Foundation, 2011). 
Therefore carbon reduction policies will become more stringent to meet the targets 
agreed by the Government.  In 2013, the Department for Energy and Climate Change 
estimated that the residential sector was responsible for 15% of all CO2 emissions in the 
UK (Department of Energy and Climate Change, 2013). The current UK Government 
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energy efficiency schemes to reduce CO2 emissions from the residential sector do not 
take into account socio-economic living condition of the residents. The households in 
difficult socio-economic situation could benefit the most from the installation of energy 
efficiency measures. The proportion of the oldest and the least thermally-efficient houses 
in the UK is large to compare to the rest of Europe (Department of Energy and Climate 
Change, 2012a). The energy performance of the building, discussed in details in Chapter 
2.5, is related to the type of the building (detached, semi-detached, terraced house, 
bungalow, flat) and the energy savings measures installed in the building (Druckman, 
2008). The external temperature is one single factor which influences the amount of fuel 
use in the residential sector. The energy performance of the building is based on the heat 
losses encountered for different type of the dwelling. The largest heat loss was measured 
for detached houses of 365 W/⁰C and the lowest heat loss for the flat of 182 W/⁰C 
(Shorrock, 2003).  
In general heat is used to keep the temperature in the buildings at a level required to keep 
people comfortable, to produce hot water and to cook food. In the UK, fuels (such as gas, 
oil or solid fuels: coal, anthracite, coke, peat solid smokeless fuel, petroleum coke) or 
electricity (which is produced by burning fossil fuels or nuclear or using renewable 
energy sources: wind, solar) are the commodities people buy, not the heat. The heat is 
produced from burning fuels or using electricity at each building, therefore heat is not a 
commodity in the UK. Heat demand can be reduced in two ways either by minimising 
heat loss from the buildings or by lowering down the average internal temperature of 
buildings (Department of Energy and Climate Change, 2012a). The installation of energy 
efficiency measures in the buildings reduces the amount of heat loss and is a very cost 
effective way to cut the CO2 emissions from the building, which is a very important aim 
in the UK. The insulation in buildings helps to keep the level of warmth in the 
households at affordable level.  The 2006 study by Utley showed that the investment in 
efficiency measures depends on the type of tenure. The registered social landlord 
dwellings represent the highest proportion (21%) of the houses with loft insulation of 
15cm or more. The lowest proportion of dwellings with loft insulation is recorded for 
private rented sector (9%). 
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2.1 Energy conservation in building regulations  
 
In 1965 the energy conservation was addressed in the UK’s Building Regulations for the 
first time. Since then every update of the Approved Document Part L of the Building 
Regulations (2010) tightens these requirements for conservation of fuel and power in 
domestic buildings.  
2.1.1 New buildings  
 
The Approved Document Part L of the building regulation sets minimum standards for 
new buildings. This includes the quality of the insulation of the building fabrics and 
efficiency of heating plant. These standards also apply to replacement boilers and fabric 
elements for glazing and roofs (Sustainable Development Commission , 2006).    
 
The latest version of Part L1A of the Building Regulations (The Building Regulations, 
2010), which refers to new buildings states:  
Reasonable provision shall be made for the conservation of fuel and power in buildings 
by:  
 Limiting heat gains and losses through thermal elements and other parts of the building 
fabric; and from pipes, ducts and vessels used for space heating, space cooling and hot 
water services; 
 Providing fixed building services which are energy efficient; have effective controls; and 
commissioned by testing and adjusting as necessary to ensure they use no more fuel and 
power than is reasonable in the circumstances.  
Part L of the Building Regulations also specifies an overall CO2 emissions target – the 
Target Emissions Rate (TER) for the whole new building.   
 
These regulations lead to more energy-efficient modern houses compared to the old 
buildings: the new houses have better insulation and more efficient heating systems.  
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2.1.1.1 Planning considerations 
 
Planning Policy Statements (PPS) play a significant role in the development of new low 
carbon households. PPS focuses on the aspects of good design of a new building such as: 
site layout, building orientation, shading in order to reduce the demand for mechanical 
ventilation, cooling and heating.  
2.1.2 Existing buildings 
 
Part L1B of the UK’s Building Regulations specifies the requirements for conservation of 
fuel and power of the existing domestic buildings. The regulations focus on updating the 
thermal performance by upgrading or replacing the elements of the building. The 
elements of the buildings are: a wall, floor or roof which separates the inside of the 
household from the external environment (The Building Regulations, 2010).  
 
2.2  Overview on domestic energy consumption  
 
The energy consumption from the residential sector accounted for 26% of the total UK 
consumption of energy products in 2011 (Department of Energy and Climate Change, 
2012b). Factors affecting domestic energy consumption include the size and type of 
households, weather condition, household income and the lifestyle of its residents. 
Domestic energy is used to provide comfort and services to the residents of household. 
The outside temperature is one of the most important factors which influence the amount 
of energy used at home. The amount of energy needed to produce sufficient amount of 
heat inside the household depends on the temperature difference between the outside and 
the comfortable temperature inside the household. The bigger the temperatures difference 
the bigger the energy demand for space heating.  
Energy use is directly related to carbon dioxide emissions (CO2). The CO2 emissions 
from the domestic fuels used (solid fuels; liquid: burning oil, fuel oil, LPG) show a 
steady decline for some years (Figure 2-1). The graph in Figure 2-1 also shows increases 
of CO2 emissions in the following years with cold winters: 1996, 2001, 2004 and 2010, 
which led to increased energy use, thus higher CO2 emissions.  
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Figure 2-1: CO2 emissions from housing energy (million tonnes) – (Department of Energy and 
Climate Change, 2012b) 
2.3  Electricity generation 
 
Electricity production in the UK has changed significantly since 1970 as shown in Figure 
2-2. The changes in fuels used for electricity production over the years was due to 
different factors such as the prices of different fuels, discovery of natural gas in the North 
Sea, privatisation of electricity sector, growth in nuclear power and changes in emissions 
regulations. 29% of total electricity generation (Department of Energy and Climate 
Change, 2012b) comes from coal. Coal used for electricity generation results in high CO2 
emissions per unit of electricity produced and also high emissions of air pollutants. The 
discovery of natural gas in the North Sea and the development of nuclear power displaced 
the use of coal from some power stations.  Since 2000 only 2% of total electricity 
generation comes from oil; interestingly it can be seen on the graph a peak in oil use in 
1984-85 during the miner’s strike (Department of Energy and Climate Change, 2012b). 
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Figure 2-2: Energy content of fuel input for the UK electricity generation (TWh) – (Department of 
Energy and Climate Change, 2012b) 
2.4  How is domestic energy used 
 
Figure 2-3 shows the split of domestic energy use, more details are shown in Appendix 
A. 
 
Figure 2-3: Split of domestic energy consumption [%] 
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The space heating in residential properties requires the highest amount of energy 
consumption, and accounted for 66% of the total domestic energy use in 2011 
(Department of Energy and Climate Change, 2012a). The energy efficiency measures 
installed in dwellings reduce the heat loss and reduce the amount of energy required for 
space heating. However nowadays the temperature in the household that is considered to 
be comfortable is higher by 6⁰C compared to the temperature in the 1970s (Department 
of Energy and Climate Change, 2012a). Also the installation of central heating in the 
majority of the UK houses allows heating of the whole household not just individual 
rooms.  
The energy required to provide hot water in households accounts for 17% of the total 
domestic energy use. The energy efficiency measures installed on water pipes and tanks 
making the heating systems more efficient are responsible for reduced amount of energy 
required to heat water in households to compare to previous years.  
Energy use for lighting accounts for 3% of the total household energy use. In recent years 
there has been an increase in the number of light fittings in kitchens and bathrooms, 
however low energy lights bulbs used in recent years has kept the fraction of energy used 
for lighting at low level.  
Households’ appliances use around 12% of total domestic energy. This category uses a 
relatively large amount of domestic energy, because each household is equipped with 
many electric products such as computers, washing machines and tumble driers. The use 
of those appliances increases the energy demand of each household. Additionally there is 
also an increased use of appliances such as large fridges and freezers, which require 
constant energy supply.   
Only 3% of the total domestic energy is used for cooking. This small proportion of the 
total domestic energy used is due to changes in the lifestyle and energy efficient 
appliances such as microwaves or toasters. Also the availability of ready meals, 
takeaways and eating out has had an impact on the amount of domestic energy used for 
cooking (Palmer, 2011).  
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2.5  House type 
 
There are main five house types in the UK, there are semi-detached, terraced houses, 
detached houses, flats and bungalows. Historically, the most common dwellings were 
semi-detached and terraced houses, this trend has changed in recent years with flats 
representing 19% and detached houses 17% of the total housing stock. There were 
significant changes in data collection methods between 2002 and 2003, when the English 
House Condition survey replaced surveys carried out by the previous contractor company 
called GfK marketing services. This means that there are inevitably some discontinuities 
within the data series. Figure 2-4 presents the changes in the housing stock since 1970.  
 
Figure 2-4: Housing stock distribution by type (millions), (Department of Energy and Climate 
Change, 2011) 
The type of property significantly influences the energy used because there is a direct link 
between external wall area and window area and the amount of energy used for space 
heating. A typical detached house is built with more external walls and more windows 
than any other type of properties of similar size. On the other hand flats have less external 
walls compared to their total floor area. The energy used for lighting also can be linked to 
the house type through the window areas.  
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2.5.1 Age profile of homes  
 
The domestic energy use for space heating also depends on the levels of insulation and 
the efficiency of the heating system. Both of these factors are related to the age of the 
property. The majority of older properties were built with solid walls and practically no 
insulation. The current governmental energy efficiency schemes aims to use of loft and 
wall insulation and double glazing in older houses. This improves the energy efficiency 
performance of properties however the current energy standards for the building are still 
not met. This is mainly because there is no floor and walls insulation installed in older 
buildings.  
The efficiency of the heating system depends on their technical specifications and 
technical advances over time. This implies that the older heating systems are less efficient 
than more appliances which have the recent technological developments. Most of the 
older houses have their original heating systems exchanged over the years to newer more 
energy efficient types. The housing stock distribution by age is presented in Figure 2-5. 
There were significant changes in data collection methods between 2002 and 2003, when 
the English House Condition survey replaced surveys carried out by GfK marketing 
services. This means that there are inevitably some discontinuities within the data series.  
 
Figure 2-5: Housing stock distribution by age (millions), (Department of Energy and Climate 
Change, 2011) 
17 
 
The housing stock can be divided into five age bands: 
 Pre-1918 
 1918-1938 
 1939-1959 
 1960-1975 
 1976 – present 
The shares in the number of houses in the age bands for pre - 1918, 1918 - 1938, 1939 - 
1959 and 1960 - 1977 are quite similar.  The houses built since 1976 account for nearly a 
quarter of the total housing stock.  
 
2.5.2 Home ownership  
 
The ownership of the property changed over the years in the UK (Figure 2-6). Currently 
there are nearly 70% of the properties owned by their residents and very few properties 
owned by the Local Authorities. The link between domestic energy use and the 
ownership of the properties lays in the uptake of energy efficiency measures. In general 
privately owned houses are well looked after and more likely to be equipped with new 
electric appliances rather than the energy efficiency measures. In poorer privately owned 
households it is difficult to afford energy efficiency measures (Department of Energy and 
Climate Change, 2011). 
 
The properties owned by Local Authorities or Registered Social Landlord (RSL) are 
more likely to have energy efficiency measures installed, because the residents living in 
those properties do not cover the cost of it. The least uptake of energy efficient measures 
is in private rented houses because the owner who covers the costs does not get any 
benefits from the lower energy bills and higher standard of property.  
The statistics show that the uptake of energy efficient measures in the properties owned 
by the local authorities and Registered Social Landlord is much higher than in privately 
rented properties.  
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Figure 2-6: Housing stock distribution by tenure (millions), (Department of Energy and Climate 
Change, 2011) 
The fall in the number of properties owned by Local Authorities or RSL and the rise of 
privately owned houses makes some governmental energy efficiency schemes more 
difficult to implement in a fragmented ownership within an area (Department of Energy 
and Climate Change, 2011).  
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3. Overview on Indices of Deprivation 
The definition of poverty, taken from the 1979 study on “Poverty in the United 
Kingdom” conducted by Townsend (1979), is also used to define deprivation. It states 
that “Individuals, families and groups can be said to be in poverty if they lack the 
resources to obtain the types of diet, participate in the activities and have the living 
conditions and amenities which are customary, or at least widely encouraged or 
approved in the societies to which they belong to”. Townsend’s study from 1987 argues 
that people are deprived if their needs are not met because of a lack of financial resources 
but they also live in deprivation when they lack sorts of resources. This relates to lack of 
resources which are customary, these are: diet, clothing, housing, household facilities, 
fuel, education, working and social conditions, activities and facilities (Townsend, 1987). 
This study refers to an individual level of circumstances, one can experience. The 
recognition of the combination of multiple aspects of deprivation by Townsend allowed 
formulating the bases of the concept of multiple deprivation. This concept creates the 
bases for the model of “small area” deprivation, which considers seven main types of 
deprivation, which are: income, employment, health, education, housing and services, 
living environment and crime. All the seven dimensions are used to form a measure of 
multiple deprivation.  
 
3.1  Deprivation at area level 
 
The Department for Communities and Local Government undertakes regular studies to 
establish the Index of Multiple Deprivation (IMD), which is a measure of multiple 
deprivation within small areas. Many detailed datasets at individual’s level described in 
more details in Chapter 3.2 are used as bases for this study.  However the transposition of 
the concept of multiple deprivation from the individual’s level to an area level results in 
decreasing of sophistication attached to the original concept (Department for 
Communities and Local Government, 2011). This is because of data confidentiality at 
individual’s level and also the enormous amount of data within the area which need to be 
combined at individual level and the percentage of people in each domain extrapolated to 
an area. Each of the domains of deprivation can be looked separately at area level and 
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then combined to a multiple deprivation domain within this area. This approach allows a 
picture of the area to be presented but the individual’s experience of any deprivation is 
lost. The statistics derived for the percentage of people for each domain at the area level 
is very useful for comparing to the percentage of people experiencing the same 
deprivation in other areas. However, the area itself is not deprived but the number of 
people experiencing deprivation can give a deprivation effect, which is still measured by 
the individual’s experience. The deprivation effect of the area gives the area 
characteristics of being deprived in certain dimension (Department for Communities and 
Local Government, 2011). 
 
3.2  Concept of multiple deprivation  
 
A theoretical framework at individual level was used by the Department for Communities 
and Local Government to build a model at area level, which comprises a series of one 
dimensional domains of deprivation. All of these single domains, which are measures on 
their own, can be combined to one index of multiple deprivation with an appropriate 
weighting. Adapting the framework of deprivation at the individual level to an area 
makes it possible to derive characteristics of this area from the specific angle. This could 
be one deprivation domain or the deprivation overview of the area if all deprivation 
domains are considered. The characteristics of the area are a measure of the proportion of 
individual people experiencing deprivation.  
Data underlying each deprivation domain (Indicators) were collected at individual level 
e.g. adults and children in Income Support families, income-based Jobseeker’s 
Allowance or Pension Credit (Guarantee). These sets of data are summed and used as 
numerator and total number of people within well-defined geographically small areas is 
used as denominator to calculate the score of the Income Deprivation domain. Chapters 
3.2.1, 3.2.2 and 3.2.3 provide a detailed explanation of the elements presented in Figure 
3-1. 
21 
 
 
Figure 3-1: Components of IMD, (Department for Communities and Local Government, 2011) 
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3.2.1 Identification of dimensions of deprivation 
 
The multi-dimensional aspect of deprivation was the base of the creation of the IMD in a 
combination with the theory that deprivation can be experienced in relation to a number 
of well specified domains. Every individual domain gives a specific angle of dimension 
of deprivation and the cumulative effect of an area can be seen when the separate 
dimensions are combined in one index. Each dimension of deprivation is well defined in 
all aspects which are important to each dimension. There are seven individual domains 
identified as deprivation domains:  
 Income Deprivation 
 Employment Deprivation 
 Health Deprivation 
 Education, Skills and Training Deprivation 
 Barriers to Housing and Services 
 Crime 
 Living Environment Deprivation  
The 2010 IMD was developed at small areas – Lower Super Output Areas (LSOAs), 
which has an approximate population of 1500 people and their boundaries are likely not 
to be change over the years. The use of small areas helps to recognise the areas of 
deprivation in more detail.   
3.2.2 Ranking of the domain’s scores and transformation of the assigned domain’s 
scores to an appropriate exponential distribution  
 
The 2010 overall IMD is a combination of all estimated specific scores for each domain. 
However, before the estimated scores for each domain can be combined, they need to be 
standardised by ranking as they have different units because these are based on different 
datasets. Then the ranked scores are transformed to exponential distribution, shown in 
Figure 3-2.  
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Figure 3-2: Example of exponentially transformed Deprivation Domain  
The exponential transformation uses the following formula:  
 
             [     ( 
   
  
)]  
 
Where: 
E: is a transformed domain 
R: is rank of the domain for each LSOA 
Ln: is natural logarithm 
Exp: is the exponential or antilog transformation  
R=1/N for the least deprived LSOA 
R=N/N (R=1) for the most deprived 
N is the number of LSOAs in England  
Department for Communities and Local Government introduced this approach in 2004, 
which allows identifying deprived LSOAs even if one domain shows no deprivation at all 
and another domain shows deprivation. The formula used allows only a 10% cancellation 
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between all the deprivation domains, which in practise means that if the area is classified 
at a top end of a rank in one domain and at the very bottom in another domain, the final 
rank assigned would be the 90
th
 percentile with the assumption that both domains have 
equal weights. This method also makes it possible to identify the most deprived LSOAs 
by stretching out the most deprived areas by 10% and also shrinking the least derived end 
of the distribution.  
The exponential transformation results in ranking all LSOAs from the least deprived with 
a rank of 0 and most deprived with the rank of 100. The approach used allows the 
stretching of the distribution in the way that LSOAs with higher levels of deprivation are 
scored higher. Automatically 10% of the most deprived areas are given values in the 
range 50 to 100 and the remaining areas outside the 10% most deprived areas are 
assigned the scores between 0 and 50. The areas just outside the 10% most deprived are 
assigned scores just below 50 and the areas just inside the 10% most deprived are 
assigned just above 50 score.  
There are 32,482 LSOAs in England; therefore the rank of 1 is assigned to the most 
deprived LSOA and the rank of 32,482 to the least deprived. The most deprived area 
would be faced with multiple issues in all seven domains discussed in this Chapter and 
the least deprived area would be affected by the issues from one domain.  
3.2.3 Use of specific weights for each exponentially transformed domain to create 
an overall IMD 
 
The overall IMD is derived by combing seven deprivation domains. Before this takes 
place a specific weight is assigned to each of the domains. The weights are assigned on 
the bases of a theoretical model, which considers some domains more influential on the 
overall deprivation index. 
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Deprivation Domain Weight 
W1 Income Deprivation 22.5% 
W2 Employment Deprivation 22.5% 
W3 Health Deprivation and Disability 13.5% 
W4 Education, Skills and Training Deprivation 13.5% 
W5 Barriers to Housing and Services 9.3% 
W6 Crime 9.3% 
W7 Living Environment Deprivation 9.3% 
 
Table 3-1:  Weights for individual Deprivation Domains, IMD, (Department for Communities and 
Local Government, 2011) 
    ∑(     )
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4. Overview of UK’s energy efficiency initiatives 
 
The energy efficient measures are considered as the cleanest and very effective way of 
reducing CO2 emissions from the residential sector. The energy efficiency measures 
installed in the existing properties improve the quality of life of their residents and reduce 
running costs. The main source of funding for energy efficiency schemes implemented in 
the UK relay on the money paid by the consumer for the amount of energy used.  
 
4.1 Overview  
 
There are 26.4 million households in the UK from which 22,063,400 domestic houses 
and flats are in England (Office for National Statistics, 2012b). The energy efficiency 
measures implemented in households reduce the overall domestic energy consumption in 
the UK. The actions taken to improve the energy efficiency of building were mainly by 
the installation of insulation and improving energy efficiency heating systems. Also the 
energy efficient household’s appliances help to reduce the domestic energy use.  
It was estimated that, since 2008 when the energy efficiency schemes were introduced, 
the energy savings from buildings insulation and the improvements made to the 
efficiency of heating system reduced the energy used for space heating by 41.2 million 
tonnes of oil equivalent (Department of Energy and Climate Change, 2012b). 
A highly cost effective way of reducing domestic energy use, hence CO2 emissions is to 
prevent produced heat being wasted. The majority of the domestic energy is used for 
space heating, therefore the energy efficient measures installed in the buildings combined 
with the behaviour change could add up to substantial CO2 emission savings across the 
country. It was estimated that reducing the temperature in each household just by 1⁰C 
could save 10% of the total domestic energy use (Department of Energy and Climate 
Change, 2012b). The rising population will put increased demand on energy, therefore 
energy saving measures and changing people’s behaviour could keep the level of 
domestic energy use at stable level (Department of Energy and Climate Change, 2011).  
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According to UK’s Green Building Council the dwellings in the UK are one of the least 
thermally-efficient in Europe and require a high heat demand (UK's Green Building 
Council, 2013). This is mainly because the households are one of the oldest compare to 
other European countries. The building materials available in the past differed 
significantly from the current fabric used for building construction. Additionally, new 
buildings regulations ensure that the current methods of building houses and the materials 
used reduce heat lost and make the new household more energy efficient. This building 
approach constructs relatively high thermally efficient buildings.  
The energy efficiency of the existing old buildings can be improved by installation of 
energy conservation measures. The energy efficiency measures installed in the residential 
properties reduce the amount of energy required for space heating by reducing heat loss 
from the cavity walls, windows and roofs. Figure 4-1 presents the amount of heat loss 
from dwellings.  
 
Figure 4-1: Heat loss of the average dwelling and the whole building stock, (Department of Energy 
and Climate Change, 2012b) 
 
4.2  Energy efficiency initiatives  
 
Since 1994, the electricity and gas suppliers in the UK were obliged to achieve targets to 
improve the energy efficiency of the households. The first phase of the Energy Efficiency 
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Commitment (EEC) was implemented between 2002 and 2005 and the second phase ran 
between 2005 and 2008. During the EEC scheme various energy efficiency measures 
were installed by the energy companies to meet their targets set by the government.  
Since April 2008, the major six energy suppliers in the UK are obliged by the DECC’s 
policy – Carbon Emissions Reduction Target (CERT) to reduce CO2 emissions from 
domestic fuel use in the most cost-effective way. CERT targets set for each energy 
supplier were mainly delivered by the energy suppliers through insulation schemes (60%) 
and energy efficient lighting. This scheme has been led by the requirement for energy 
suppliers to achieve the binding targets and not by demand for energy efficiency 
measures from the customers. The result of this has been that energy suppliers have 
installed lower cost measures in more accessible areas and in those dwellings that were 
the easiest to tackle.  
The Community Energy Saving Programme (CESP) commenced in October 2009. This 
was designed to deliver a reduction in the fuel bills of low income households and also to 
reduce CO2 emissions from residential properties by improving the energy efficiency of 
the buildings. The six main energy suppliers and four independent energy generators are 
obliged to deliver the CESP scheme. The scoring system introduced in this scheme 
promotes higher cost energy measures to be installed. CESP scheme was designed to be 
delivered as area-based. This means that energy efficiency measures should be installed 
in many properties within one area.  
Both the current CERT and CESP schemes show that the energy efficiency measures 
installed have reduced households’ energy use thus reducing CO2 emissions from the 
domestic sector. The biggest number of energy efficiency measures was installed in 
social rented properties as there was no cost to the residents of the building. The 
installation of energy efficiency measures in private rented properties proved to be 
challenging for both schemes. This is because the landlord does not benefit from the 
reduction in energy bills, but pays for the installation of the energy efficient measures 
(Department of Energy and Climate Change, 2011). 
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Figure 4-2: Insulation measures installed under EEC and CERT (thousands of households), 
(Department of Energy and Climate Change, 2012b) 
 
4.3  Energy efficient measures  
 
In the UK the main types of insulation are: loft insulation, cavity wall insulation, double 
glazing and hot water tank insulation (Department of Energy and Climate Change, 
2012b). 
4.3.1 Loft insulation  
One of the easiest energy efficiency measures to be installed is loft insulation.  The 
statistics show that loft insulation can prevent heat loss up to 27% from the building. The 
majority of the dwellings have some kind of loft insulation however the benefits are 
clearly seen when the insulation is more than 100mm. Loft insulation installed in an 
uninsulated loft can save on average £100 pounds sterling on fuel a year (Department of 
Energy and Climate Change, 2012b) or around 730kg CO2 a year (Energy Saving Trust, 
2013).   
4.3.2 Cavity wall insulation  
Insulating foam is injected into the cavity wall and this effectively keeps the heat inside 
the dwelling. The cavity wall insulation can reduce, on average heat loss of 20% and also 
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can save of around £128 pounds sterling on fuel a year (Department of Energy and 
Climate Change, 2012b). 
4.3.3 Solid wall insulation 
In solid walled buildings a layer of insulation is added outside or inside the dwelling. 
This type of insulation can reduce heat transfer through the solid wall by up 80% and can 
save around £475 pounds sterling on fuel a year.  
The estimates presented in Table 4-1 are based on insulating a gas-heated, semi-detached 
home with three bedrooms (Energy Saving Trust, 2013). 
Wall type Installation 
cost 
Savings per 
year 
CO2 savings per 
year 
Payback 
time 
On internal 
walls 
£5,500 - £8,500 £460 1800kg Up to 19 
years 
On external 
walls 
£9,400 - 
£13,000 
£490 1900kg Up to 27 
years 
Table 4-1: Costs and savings for solid wall insulation, (Energy Saving Trust, 2013)  
4.3.4 Other measures 
Double glazing for windows and doors can reduce the heat demand by over 10% 
compared to single glazed windows or doors.  
Floor and door insulation are basic methods to prevent heat loss and improve energy 
efficiency of dwellings.  
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5. Data requirements and methodology  
 
This chapter introduces the datasets and methods used in this study.  
 
5.1  Datasets  
Data sets listed below were discussed in the previous sections and were used in the 
analysis carried out in this thesis: 
 Estimates for domestic electricity use (47,037,835 MWh) and gas use 
(44,288,173MWh) at Lower Layer Super Output Area (LSOA) – (The 
Department of Energy and Climate Change).  
 The overall Index of Multiple Deprivation (IMD) at Lower Layer Super Output 
Area (LSOA) -  (The Department of Communities Local Government)  
 Household data at Lower Layer Super Output Area (LSOA) – (The Office for 
National Statistics) 
 CO2 savings from installed energy efficiency measures under Carbon Emissions 
Reduction Target (CERT) and Energy Efficient Commitment (EEC) schemes at 
Local Authority (LA) – (Energy Saving Trust). 
Standard quality control was implemented to check the quality of the datasets available 
for this study. In addition in was confirmed that all the datasets gave good spatial 
coverage for the Greater London Authority area.   
 
5.1.1 Spatial units  
The two spatial units were used to analyse the data: LSOA and GB National Grid 1km x1 
km. There are 32,482 LSOAs in England from which 4,899 are within the GLA area. 
LSOAs are small areas which on average comprise of 1500 people with the smallest 
LSOA containing a thousand people.  The characteristics of small areas were defined by 
Office for National Statistics (ONS) and the details are presented in the Table 5-1.  
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Geography Min population Maximum 
population 
Min number of 
households 
Max number of 
households 
LSOAs 1000 3000 400 1200 
Table 5-1: Lower Super Output Area characteristics, (Office for national Statistics, 2011) 
1km by 1km grids were created with the fishnet tool from the Data Management toolbox 
in the GIS. There are 1604 square kilometres grids within the GLA area. This grid was 
chosen as a spatial unit suitable for raster overlay analysis.  
Disaggregation of the available data at LSOA or local authority level to 1kmx1km grid 
reduced slightly the accuracy of the original data. The raster overlay analysis required to 
convert vector polygons to raster grids which also led to a decreasing accuracy of the 
original data.  
 
5.2  Methodology  
5.2.1 Spatial analysis  
There were two main spatial methods used in this study: geographical weighted 
regression model and raster overlay analysis.  
5.2.1.1 Geographically Weighted Regression (GWR)  
This study used Geographically Weighted Regression (GWR) analysis to model the 
relationship between the amount of the domestic energy use and the “rank” of the IMD. 
The GWR is a local regression model, which creates a separate equation for every feature 
in the dataset using the dependent and explanatory variables of features falling within the 
bandwidth of each target feature (ESRI, 2013). An illustrative example of the GWR is 
shown in Figure 5-1. 
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β0 Energy consumption β1 Index of Multiple 
Deprivation 
Output 
Figure 5-1: Example of illustration of GWR (drawn manually – based on available schematics 
prepared by ESRI) 
The GWR was chosen for this analysis because it allows the parameters used in the 
regression model to change throughout the space. This approach seems appropriate for 
spatial analysis of the datasets available for this study. The amount of the domestic 
energy use was used as a depended variable and the “rank” of the index of multiple 
deprivation was used as an explanatory variable.  
5.2.1.2 Raster Overlay  
The raster overlay method has been used to identify the areas with high energy use based 
on:  
 the type of households: detached, semi-detached, terraced and flats, 
 tenure of households: privately own and rented, 
 socio-economic condition of the household.  
The energy datasets, the “rank” of the IMD and the household’s datasets for different 
household’s types and different tenure have been disaggregated to 1km by 1km grid 
(British National Grid) proportionally to the area and converted to raster. The newly 
created grids 1km by 1km for each datasets reference the same geographical location 
within the GLA area. This allowed combining different information stored in the 
individual datasets into a single layer. The 1km by 1km grids had a numeric value 
assigned from each individual dataset which allows the use of mathematical operators in 
the raster calculator tool to combine the layers and derive a new value for each 1km by 
1km grid in the output layer. An example of the raster overlay analysis is shown in Figure 
5-2. 
34 
 
Input 1 Input 2 Output 
   
Figure 5-2: Example of the raster overlay analysis (drawn manually – based on available schematics 
prepared by ESRI) 
This analysis has been performed using the raster calculator which is a geo-processing 
tool in GIS to establish the areas of the GLA with high domestic energy use by different 
household’s type, different tenure of the households and socio-economic conditions.  
5.2.1.3 Issues with the accuracy of the spatially disaggregated datasets 
 The Index of Multiple Deprivation, domestic energy use and households datasets 
were available at LSOAs level. These datasets were spatially disaggregated to 
1km by 1km grids using given data proportionally to the grids area. Created 
vector grids were converted to raster grid cells, for each raster grid cell only one 
value was assigned. This conversion was necessary to enable a wide range of data 
manipulation in order to identifying the areas in London with a high energy use 
by different household’s types, different tenure of the households and socio-
economic living conditions. However spatial disaggregation to grids, conversion 
to raster and normalisation of the raster grids diminished the accuracy of the 
original datasets.  
 CO2 savings from the installation of energy efficient measures (solid walls and 
cavity walls insulations by different household types) were available at local 
authority level. The spatial disaggregation of these data was performed on the 
appropriate normalised grids of different household types. The results gave an 
estimation of the appropriate locations within each local authority where the CO2 
savings actually occurred.  
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5.2.2 Preparation of the datasets  
 
All datasets were carefully studied before these were used in this study. The initial 
investigation of the energy data involved detailed study of the datasets, performing 
calculations of total energy use, converting the total energy use to CO2 emissions and 
visualization of data on the maps.  
5.2.2.1 CO2 emissions from domestic energy use 
 
In the UK the electricity usage is monitored and recorded in kWh either by an ordinary 
energy meter or Economy 7 meter. These two ways of recording energy usage differ by 
price of every kWh of energy used. The price recorded by an ordinary meter during 24 
period remains the same. The Economy 7 meter has two tariffs, which give lower cost 
electricity during a 7 hour period during the night, and higher cost electricity during the 
day.  
The estimates for domestic electricity use were provided as Ordinary Domestic 
Consumption (kWh) and Economy 7 Consumption (kWh) for the year 2010. To derive 
total electricity consumption for each LSOA these two estimates were summed. 
Estimates for domestic gas use were provided as Consumption (kWh) at LSOA. The CO2 
emissions from domestic electricity and gas use were estimated from the amount of 
electricity and gas used in kWh and the appropriate emission factors available from the 
Department of Energy and Climate Change. The CO2 emission factor for electricity was 
estimated at 0.5246 and for gas at 0.1836 for 2010 (Department of Energy and Climate 
Change, 2012b). 
Therefore CO2 emissions were calculated: 
 1kWh (electricity)*0.5246g/kWh = 0.5246 g CO2 
 1kWh (gas) *0.1836g/kWh = 0.1836 g CO2 
DECC’s electricity conversion factor was calculated as the average of CO2 emission from 
the UK national grid per kWh of electricity used at the point of final consumption, this 
includes the transmission and distribution losses. This factor includes only direct CO2, 
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emissions from the fuel mix used at UK power stations and also the proportion of 
emissions from imported electricity.  
DECC’s natural gas CO2 conversation factor was calculated assuming full gas 
combustion in any appliance used.   
The CO2 emissions from domestic energy use available at LSOAs were intersected with 
1x1km grid in the GIS environment. The amount of domestic energy used in each small 
area (LSOA) was spatially distributed to 1x1km grids proportionally to the grid area. The 
domestic energy use allocated to 1x1km grids was normalised. Normalised grids were 
converted to raster grids. 
5.2.2.2 Index of multiple deprivation  
 
The overall Index of Multiple Deprivation for 2010 was available as “ranks” which is a 
number assigned to each LSOA: 1 being assigned to the most deprived area and the 
32482 indicating the least deprived LSOA in England (Department for Communities and 
Local Government, 2011). In the Greater London Authority area the most deprived 
LSOA was identified with a rank 405 and the least deprived with the rank of 32,384 
shown in Figure 5-3.  
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Figure 5-3: Index of Multiple Deprivation with Greater London Authority  
The “rank” of Index of multiple deprivation available at LSOAs was intersected with 
1x1km grids. The “rank” of multiple deprivation was spatially distributed to 1x1km grids 
proportionally to the grid area. The “rank” allocated to 1x1km grids was normalised and 
converted to raster.  
5.2.2.3 CO2 savings 
The energy efficiency measures data were available from the national Homes Energy 
Efficiency Database (HEED) at the local authority level. This database is managed by the  
Energy Saving Trust.  The HEED database contains the energy efficiency measures 
installed in the UK's housing stock from CERT and the EEC energy efficiency schemes. 
Data for cavity wall and solid wall insulation for each household type in each of 
London’s local authorities was obtained from HEED.  
The Energy Saving Trust (Energy Saving Trust, 2008) provided estimated savings from 
cavity and solid wall insulation (Table 5-2 and Table 5-3). These were used to estimate 
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the total CO2 savings for each London’s borough from these two energy efficiency 
measures installed.   
Cavity wall insulation 
Fuel type Unit Household type 
Flat Terraced Semi-detached Detached 
Gas £/yr £60 £85 £160 £230 
kgCO2/yr 300 450 800 1,300 
Electricity £/yr £100 £150 £300 £430 
kgCO2/yr 690 1,000 2,000 3,300 
Table 5-2: Estimated savings from cavity wall insulations, (Energy Saving Trust, 2008) 
Solid wall insulation 
Fuel type Unit Household type 
Flat Terraced Semi-detached Detached 
Gas £/yr £175 £260 £500 £750 
kgCO2/yr 890 1,300 2,500 4,100 
Electricity £/yr £320 £400 £900 £1500 
kgCO2/yr 2,100 3,200 6,300 10,100 
Table 5-3: Estimated savings from solid wall insulation, (Energy Saving Trust, 2008) 
CO2 savings were estimated from the number of households with cavity and solid wall 
insulation for different type of properties.  
Estimated CO2 savings for each household type in each local authority were intersected 
with 1x1km grid and converted to raster grids. The raster calculator was used to distribute 
CO2 savings across the normalised grids for each household type.  
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6. Results 
 
The main objective in preforming spatial analysis was to identify if there was a 
relationship between energy use and the “rank” of the IMD.   
 
6.1  Analysis of relationship between domestic energy use and index 
multiple social deprivation 
 
The analysis of the relationship between domestic energy use and the index of multiple 
deprivation began with ordinary least squares regression model. The ordinary least square 
regression model does not take into account spatial variability. The results presented in 
Figure 6-1 show that 36% of the variation in energy use can be explained by socio-
economic living condition.  
Figure 6-1 also shows that there is a direct relationship between domestic energy use and 
multiple social deprivation. The areas classified as socially deprived use less domestic 
energy then those without socio-economic issues.  
 
Figure 6-1: Energy versus indices of multiple deprivation 
Geographically weighted regression (GWR) was used to model the spatial relationship 
between the domestic energy use and the “rank” of multiple deprivation.  The GWR is a 
sample-point-based technique therefore energy use and the index of multiple deprivation 
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were used as samples taken at a centroid of each LSOA. The principle used in the GWR 
model was to study spatial variations by allowing the parameters used in the regression 
model to change throughout the space. The function of decaying distance was used to 
weight variables with the assumption that neighbouring observations had more influence 
on the regression point than the observations further away. The GWR model investigated 
how the domestic energy use defined as a depended variable changed in response to the 
“rank” of multiple deprivation defined as an explanatory variable (Table 6-1). The output 
from the modelling showed that 71% of the domestic energy use can be explained with 
the “rank” of the multiple deprivation.  
Variable Name Variable Definitions (ESRI, 2014) 
Bandwidth 2319.57 Bandwidth is used for each local 
estimation; it controls the degree of 
smoothing in the model. 
Residual Squares 88924022540.08 Residual Squares is the sum of the 
squared residuals in the model (the 
residual being the difference between 
an observed y value and its estimated 
value returned by the GWR model). 
The smaller this measure, the closer 
the fit of the GWR model to the 
observed data. 
Effective Number 246.32 Effective Number reflects a trade-off 
between the variance of the fitted 
values and the bias in the coefficient 
estimates and is related to the choice 
of bandwidth. 
Sigma 4436.12 Sigma is the square root of the 
normalized residual sum of squares, 
where the residual sum of squares is 
divided by the effective degrees of 
freedom of the residual. This is the 
estimated standard deviation for the 
residuals. 
AICc 93652.03 AICc is a measure of model 
performance and is helpful for 
comparing different regression 
models. AICc is not an absolute 
measure of goodness of fit but is 
useful for comparing models with 
different explanatory variables as long 
as they apply to the same dependent 
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variable. 
R2 0.72 R-Squared is a measure of goodness of 
fit. Its value varies from 0.0 to 1.0, 
with higher values being preferable. It 
may be interpreted as the proportion of 
dependent variable variance accounted 
for by the regression model.  
R2Adjusted 0.70 R2 Adjusted: calculations for the 
adjusted R-squared value normalize 
the numerator and denominator by 
their degrees of freedom. 
Dependent Field 0 Energy use   
Explanatory Field 1 Rank 
Table 6-1: Details and results of the GWR 
The result of the GWR is shown in Figure 6-2. This shows that there is a correlation 
between low energy use and poorer areas in the Greater London Authority.   
 
Figure 6-2: Geographically weighted regression 
The output from the model shown in Figure 6-2 marks in blue as the areas where the 
GWR model under predicts the domestic energy use in relation to the socio-economic 
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conditions and the areas marked in red where the GWR model over predicts the domestic 
energy use in relation to the socio-economic conditions of their residents.  
The spatial autocorrelation – Moran’s I tool was run on the regression residuals. The 
results created by the Moran’s I tool are presented in Figure 6-3. 
 
Figure 6-3: Spatial autocorrelation report 
The Spatial Autocorrelation tool evaluated whether the pattern expressed is clustered, 
dispersed, or random. A positive Moran's I index value indicates tendency toward 
clustering of data.  
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Table 6-2 provides the details of the datasets used in spatial autocorrelation analysis. The 
Spatial Autocorrelation tool evaluated the pattern of residuals derived in geographically 
weighted regression.  
Parameter Details 
Input Feature Class Geographically Weighted Regression file 
Input Field Residual 
Conceptualization Inverse Distance 
Row Standardization false 
Distance Threshold 2319.79 meters 
Weights Matric File None 
Selection Set False 
Table 6-2: Datasets used for spatial autocorrelation  
The results of the analysis presented in Table 6-3 show a positive Moran's I index value 
which indicates tendency toward cluster pattern of the data.  
Parameter  Value 
Moran’s Index 0.09 
Expected Index  0.00 
Variance 0.00 
z-score 31.63 
p-value 0.00 
Table 6-3: Global Moran’s I statistical summary  
6.2 Spatial analysis of the domestic energy use and households datasets 
6.2.1 CO2 emissions from domestic energy use 
The spatial distribution of CO2 emissions calculated from the natural gas and electricity 
use in residential properties is shown in Figure 6-4. 
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Figure 6-4: CO2 emissions from domestic energy use within the Greater London Authority area 
The descriptive statistics for the CO2 estimates from the domestic energy use are 
presented in Table 6-4Error! Reference source not found..  
Statistics Minimum Mean Maximum Standard 
Deviation 
Value 
(tonnes of 
CO2) 
199 6,884 19,853 2,005 
Table 6-4: Descriptive statistics for CO2 estimates (tonnes) from the domestic natural gas and 
electricity use 
6.2.2 Households’ datasets  
The household datasets were available in regards to house types and tenure at LSOAs 
level. The house types were aggregated to four groups: detached (includes bungalows), 
semi-detached, terraced and flats within each LSOAs in the Greater London Authority 
area. Housing density for each housing group was presented in maps shown in Figure 6-5 
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– 6-8. It can be seen that detached houses are located mostly on the outskirts in the north-
west and south-east of the city. The semi-detached houses are located like a cordon near 
the boundaries of the city. The terraced houses are grouped in the north-east and the south 
of the city with many terraced houses scattered across the GLA area. Flats are mainly 
found in the city centre.  
 
Figure 6-5: Spatial distribution of detached houses’ density (presented as ratio to all houses) within 
Greater London Authority 
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Figure 6-6: Spatial distribution of semi-detached houses’ density (presented as ratio to all houses) 
within Greater London Authority 
 
 
Figure 6-7: Spatial distribution of terraced houses’ density (presented as ratio to all houses) within 
Greater London Authority 
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Figure 6-8: Spatial distribution of flats density (presented as ratio to all houses) within Greater 
London Authority 
Each individual GIS layer for four types of property (Figure 6-5, Figure 6-6, Figure 6-7 
and Figure 6-8) was intersected with a 1x1km grid. The number of properties for each 
household type in LSOAs was spatially distributed to 1x1km grid proportionally to the 
grid area. Grids were normalised and converted to raster grids.  
Over 70% of properties are privately owned in the UK (Office for National Statistics, 
2012b), also shown in Figure 2-6. The ownership of the properties was aggregated to two 
groups: privately owned and rented. Figure 6-9 and Figure 6-10 show the spatial 
distribution of tenure within the study area. The privately owned properties are mostly 
located towards the outskirts of the city while the rented properties are located in the city 
centre.  
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Figure 6-9: Spatial distribution of privately owned properties within the Greater London Authority.  
 
 
Figure 6-10: Spatial distribution of rented properties within the Greater London Authority. 
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The GIS layer with the number of privately owned and rented properties were intersected 
with a 1x1km grid separately. The number of privately owned and rented properties was 
distributed to 1x1km grids proportionally to the grid area. Two newly created grids were 
normalised and converted to raster grids.  
 
6.3  High/low domestic energy use by households’ type 
The normalised 1km by 1km grids based on household type and domestic energy use 
were used to identify the areas with specific household’s types and with high domestic 
energy use. The outcome of the raster overlay analysis was shown in Figure 6-11, Figure 
6-12, Figure 6-13 and Figure 6-14.High index representing high energy use is marked in 
red and low index is marked in green on the maps. 
There are areas which clearly show in red high domestic energy use for each different 
property type. The highest energy consumption in detached properties was identified in 
the north-west and the south-east of the Greater London Authority. There were two areas 
identified with the highest energy consumption in semi-detached houses one in the north-
east and one in the south-east. The energy consumption in terraced houses is spread out 
across the whole area of the GLA with only one area which showed higher energy 
consumption in the north-east. The highest energy consumption in flats was identified in 
the north-west close to the city centre.  
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Figure 6-11: Areas with high/low domestic energy use in detached houses 
 
Figure 6-12: Areas with high/low domestic energy use in semi-detached houses 
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Figure 6-13: Areas with high/low domestic energy use in terraced houses 
 
 
Figure 6-14: Areas with high/low domestic energy use in flats 
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These results are indicative only of the areas with high/low energy use in detached, semi-
detached, terraced and flats (Figure 11, Figure 6-12, Figure 6-13 and Figure 6-14).  
This is because the spatial datasets used in this study were area based and not as 
individual properties. However this method still identified areas with high energy use. 
Future analysis with finer disaggregation of the datasets to individual household would 
give very precise results.      
6.4 High/low domestic energy use by households’ tenure   
The relationship between domestic energy use in rented properties was studied with raster 
overlay method available in Spatial Analyst tools in GIS. The GIS layers used were: the 
normalised 1km by1km grids of rented households based on the households’ ownership 
data and the 1km by 1km normalised grid created from the domestic energy use.  The 
output from the raster overlay analysis was a low-high index which compared the 
domestic energy use to a proportion of rented properties. High index representing high 
energy use is marked in red and low index is marked in green on the maps. There is a 
distinctive area marked in red in Figure 6-15 starting in the north-west part of the GLA 
and spreading towards the south-east with high energy consumption in rented properties. 
There are also scattered grids showing higher domestic energy use in the south parts of 
the Greater London Authority area and also some in the north-west parts of the city.  
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Figure 6-15: Areas with high domestic energy use in rented households 
The high energy demand areas with privately owned households were identified with 
raster overlay analysis using the normalised 1km by 1km grids based on privately owned 
households’ dataset and the normalised 1km by 1km grids derived from the domestic 
energy use data. The output from the raster overlay analysis shown in Figure 6-16 
identified areas with high domestic energy use in the south, north-west and north-east 
parts London located towards the outskirts of the city.  
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Figure 6-16: Areas with high domestic energy use in privately owned households 
These results are indicative only of the areas with high energy use in privately owned and 
rented properties. This is because the spatial datasets used in this study were area based 
and not as individual properties. Future analysis with finer disaggregation of the datasets 
to individual household would give very precise results.  
 
6.5  Areas with CO2 savings 
 
The areas with the CO2 savings from the installation of energy efficient measures were 
derived from two datasets. These were the normalised 1km by 1km raster grids created 
from the household data by different household type and the 1km by 1km raster grids 
created from the calculated CO2 savings after energy efficiency measures were installed. 
The two measures used were cavity wall and solid wall insulations. The estimates of the 
CO2 savings for each energy efficient measure by different household type were 
distributed over the normalised raster grids for a specific household type.  
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6.5.1 Cavity wall insulation 
The largest CO2 savings in detached houses were found in the south-east of the GLA, 
shown in Figure 6-17. There were also some CO2 savings from cavity wall insulation in 
the north-west part of the GLA.  
 
Figure 6-17: Estimated CO2 savings from cavity wall insulation in detached houses  
Figure 6-18 shows that the biggest CO2 savings from installing cavity wall insulation in 
semi-detached houses occurred in the north-east and south-east of the GLA. The CO2 
savings from the cavity wall insulation was also identified in the west and north-west of 
the study area. 
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Figure 6-18: Estimated CO2 savings from cavity wall insulation in semi-detached houses 
 
The largest CO2 savings from the cavity wall insulation in terraced houses were identified 
in the north-east and eastern areas of the GLA Figure 6-19.  
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Figure 6-19: Estimated CO2 savings from cavity wall insulation in terraced houses 
 
The largest number of flats with cavity wall insulation thus the largest amount of CO2 
saved was identified in the centre of the GLA (Figure 6-20).  
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Figure 6-20: Estimated CO2 savings from cavity wall insulation in flats 
6.5.2 Solid Wall insulation 
The largest CO2 savings from the solid wall insulation in detached houses were found in 
the south part of the GLA, shown in Figure 6-21. There were also some CO2 savings 
from solid wall insulation in the north-west part of the GLA.  
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Figure 6-21: Estimated CO2 savings from solid wall insulation in detached houses 
 
Figure 6-22  presents CO2 savings in semi-detached houses from solid wall insulation. 
One very distinctive area marked in red on the map in Figure 6-24 can be identified in the 
north-east was the largest CO2 savings from solid wall insulation in semi-detached houses 
occurred. 
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Figure 6-22: Estimated CO2 savings from solid wall insulation in semi-detached houses 
 
Three areas were identified in Figure 6-23 showing the largest CO2 savings from solid 
wall insulation in terraced houses. These were in the north-east, in the north and in the 
centre of the GLA.  
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Figure 6-23: Estimated CO2 savings from solid wall insulation in terraced houses 
 
Figure 6-24 shows the areas in red in the city centre where the largest CO2 savings from 
solid wall insulation in flats.  
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Figure 6-24: Estimated CO2 savings from solid wall insulation in flats 
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7. Discussion  
The integration of spatial information from different datasets is only possible with the 
tools available in GIS software. This allows for the spatial statistical analysis to be 
carried out on the available spatial datasets for this study such as IMD, household’s type, 
tenure and energy use. The use of GIS for spatial analysis gives the possibility to create 
outputs with this valuable spatial information. The advantage of using GIS for the 
developed methodology is the possibility to integrate important pieces of information 
available for small geographical areas, which allow the developed outputs to be 
visualized. The energy efficiency measures schemes introduced in the UK are 
implemented without taking into account the socio-economic situation of the residents. 
The methodology developed for this study can be useful to solve this issue and provide 
an effective solution.  
The results presented in Chapter 6 are discussed in more details in this chapter.  
 
7.1 Households type  
In the four main types of houses considered in this study only terraced houses did not 
show clear locations with a high domestic energy use. The type of households has a 
significant influence on the amount of domestic energy use. This is because there is a 
relationship between the amount of energy used for space heating and the external wall 
area and window area. Detached house has more external walls and more windows than 
any other type of households of similar size. Flats have a large total floor area compared 
to the external wall area. The window areas available at each household can be related to 
the amount of energy used for lighting. Druckman (2008) noted that the level of 
insulation and the efficiency of the heating equipment are directly related to the amount 
of energy demand and associated CO2 emissions. The study by Shorrock (2003) shows 
that detached houses lose the most heat among other household type and the flats losing 
the least. In the study the locations of different types of households across the areas of 
London were identified. The information from Shorrock’s study combined with the 
spatial analysis performed in this thesis could assist in the development of a strategy for 
the logistics to roll out energy efficient schemes. This could assist relevant authority and 
also the companies responsible for the implementation of the energy efficient schemes. 
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The information about the locations of different types of houses combined with socio-
economic living conditions and energy use at these locations provide a comprehensive 
study, which can help in tackling CO2 emissions from the domestic sector. 
The JRF Report (2013) found that households with three or more adults have much 
higher emissions than other household types e.g. the lowest CO2 emissions were found 
for single-pensioner households. This study also found that mean total CO2 emissions 
increase and then decrease over the age bands. The datasets used in this thesis combined 
with the information from JRF report could improve the developed methodology for this 
study.  
One London’s Borough used aerial heat maps to identify “warm” households that might 
be leaking heat because of poor energy efficiency and also “cold” households that could 
be under-heated. This spatial method could be used very successfully to identify the 
households for energy efficiency schemes available in the UK (London Assembly, 2012). 
The spatial information from the London Assembly study combined with the results from 
the analysis in this thesis can become a very powerful tool to identify areas with different 
types of households within London which would benefit from installation of energy 
efficient measures. Spatial analysis of energy use, socio-economic conditions, types of 
households and information on “warm”/”cold” houses provides a wealth of knowledge to 
the local authorities and energy companies, responsible for implementation of energy 
efficiency schemes in the UK. Spatial element of the analysis shows visually the scale of 
the issues within given area of London. Application of GIS analysis allows combining 
relevant datasets which identify areas with specific problems. The geographical analyses 
can only be as precise as the resolution of the original datasets. The resolution of the data 
utilised in this study was satisfactory for the chosen study area. However if the local 
authorities or energy companies responsible for the implementation of energy efficiency 
schemes would like to perform the same study for much smaller area, then finer 
resolution (household level) of the data would be of the advantage to precisely identify 
the areas of interest. The methodology developed for this study can be used at the 
national, regional, local and household level depending on the scope of work and the 
required answers from each study.  
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Druckman (2007) compared two distinctively socio-economically different “small” areas 
– one being highly deprived and the other very affluent. The deprived area was mainly 
composed of terraced houses (72%), followed by semi-detached houses (15%), flats 10% 
and detached houses 3%. The wealthy area was mainly dominated by detached houses. 
The study reported that the energy consumption in the highly deprived area was 55% 
lower to compare to the wealthy areas. The spatial analysis carried out in this thesis 
identified geographical areas with detached houses, which are also the areas with the 
highest CO2 emissions from the domestic energy use. The spatial analysis make known 
visually the geographical extent of the issues and also allows narrowing down the areas 
with the selected criteria. 
 
7.2  Households tenure  
The pattern of the ownership of property has changed over the years in the UK. Nearly 
70% of the properties are privately owned and a small percentage of the properties are 
still owned by the Local Authorities. The relationship between residential energy use and 
the ownership of the properties is related to the energy efficiency measures installed. 
Privately owned properties, not restrained by socio-economic situation, are well cared for 
and equipped with energy efficient white goods and gadgets. Even though some of the 
property’s owners could afford the installation of energy efficient measures it is not a 
common approach to reduce the domestic energy use. The installation of the energy 
efficient measures could be very expensive therefore poorer privately owned households 
would find difficult to afford these. The uptake of energy efficient measures in the 
properties owned by Local Authorities is quite significant. This is because Local 
Authorities finance the cost of the installation and not the resident who occupies the 
properties. The private rented properties have the lowest uptake of energy efficient 
measures. This is because the owner who pays the costs of the installation does not get 
any benefits from lower energy bills and higher standard of property. The methodology 
developed in this study identified the geographical areas in London with privately owned 
properties with high/low energy use, shown in Figure 6-16. These results could be used to 
develop an energy efficiency programme suitable for high or low energy use households.  
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National statistics show that the uptake of energy efficient measures in the properties 
owned by the local authorities and Registered Social Landlords is much higher than in the 
privately rented properties. Many studies showed (Ipos MORI, 2011; Boardman, 2010) 
that private rented properties are most likely to be left without adequate insulation as 
investing in energy efficiency measures is not benefiting the owner. The methodology 
used in this study could be used with the refined household’s datasets to identify private 
rented properties with high/low energy use.  The results showing the geographical extent 
could assist the policy makers to develop an appropriate policy for example placing the 
responsibility on the owner of private rented properties to install the energy efficiency 
measures. This could be implemented as a requirement of the energy performance 
certificate for the rented properties. However if the results would reveal large areas with 
privately owned properties, with high/low energy use, these areas would require a 
strategic approach to improve their energy performance.  
This scheme could also specify the level of energy performance of the building which 
could not be rented out until the energy efficiency measures are installed.  
Additionally the relevant policy makers could influence the banking system to provide 
affordable bank credits for installation of energy efficiency measures for the owners of 
private rented households. 
The 2010 study (Boardman, 2010) showed that privately rented properties were more 
likely to be in fuel poverty. The analysis carried out in this study identifies the 
geographical areas with rented properties and with high energy use. These results can 
assist relevant authorities to focus their efforts on improving the quality of life of people 
in the identified areas.  
The evaluation of the energy efficiency schemes such as CERT and CESP showed that 
only 5% of the privately rented  properties had installed energy efficiency measures 
under CERT scheme (Ipos MORI, 2011), as well as in CESP scheme showed a very low 
percentage of energy efficiency measures in privately rented properties. All of the energy 
efficiency schemes introduced in the UK would benefit from the use of the methodology 
developed for this study.      
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7.3 Socio-economic conditions  
The domestic energy consumption and its related CO2 emissions are closely related to the 
lifestyle and values, changes in technology, residents’ preferences, geographical factors 
and socio-economic conditions of the residents. The household’s type, size, income and 
the number of people living in the household are the most important factors that influence 
the household’s energy demand. Households restrained by socio-economic situation use 
less energy due to the amount of financial resources which can be allocated for this 
purpose as showed Figure 6-2. The analysis performed in this study enables the 
identification of the locations of different household types in difficult socio-economic 
situations and also allows the geographical extent of the issue to be visualised. 
Heating the space of the financially disadvantaged household would be carefully planned 
and provided only to a necessary minimum. These households would also have very 
limited range of electrical equipment, although out-dated electrical domestic essentials 
are used in these households which are not energy efficient this would lead to a higher 
energy use. Most of the households in difficult socio-economic situation would have very 
limited resources to improve energy efficiency of the property. The difficult socio-
economic situation of the household would not potentiality allow to heat the household to 
comfortable temperature. In 2012 the Health and Public Services Committee of the 
London Assembly (London Assembly, 2012) estimated that 560,000 London’s 
households were in fuel poverty. A household is in fuel poverty when it spends more than 
10% of its basic income on energy. It was also estimated that 126,000 of the 560,000 
households were in “severe” fuel poverty. These households spend more than 20% or 
more of their income on fuel. The spatial analysis carried out in this thesis can provide 
further rigour to the London Assembly’s estimates with the geographical location of the 
areas of concern. The geographic element of the analysis brings the knowledge of the 
location of the most affected areas. This information could inform any strategy on how 
best to tackle the areas with households in fuel poverty.  
The results of this study show that the areas with the highest residential energy 
consumption overlaps with the areas least affected by social deprivation (Figure 5-3). 
Households not restrained by income would be equipped with many more new electrical 
devices, which are energy efficient.  These household could also afford the installation of 
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energy efficiency measures. Therefore it can be assumed that the high energy 
consumption in the areas with high standard of living is the effect of careless/indifferent 
behaviour. This view is supported by the work of the Joseph Rowntree  Foundation (JRF) 
(2013), which found that CO2 emissions vary depending on the socio-economic 
household conditions. It estimated that the top 10% of the highly paid are responsible for 
16% of total household emissions. To compare to the poorest 10% of households which 
contribute 5% to total household emissions.  The JRF study included different data sets to 
derive their estimates compared to the methodology used in this study. Despite this both 
studies derive similar results for specific socio-economic living conditions. The analysis 
carried out in this thesis makes it possible to identify the location of these households in 
combination with the socio-economic conditions and the magnitude of CO2 emissions.  
These results make it now possible to prepare an action plan to improve the quality of life 
of people who live in the geographical areas which are in difficult socio-economic 
situation.  
The results in this thesis show the potential of using GIS to manipulate spatial datasets to 
identify the areas with low/high energy use in the domestic sector based on the socio-
economic situation of the households, tenure and type of the residential properties. The 
method developed could assist: 
 Policy makers at local, regional and national level to identify areas with high or 
low energy usage 
 Energy companies responsible for installing energy efficiency measures to 
develop a strategy and assist in planning process (where and what type of 
households should be prioritised for energy efficiency measures). 
The relevant policy makers could use the methodology described in this study to perform 
the analysis of energy use by socio-economic conditions, household type and type of 
tenure at the national level. This would allow identifying the areas which require the 
installation of energy efficiency measures and which areas require a program for 
behavioural change. When areas are identified the analysis could be repeated at a local 
level to verify and understand what the scale of the problem is.  
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Any analysis of the reduction of CO2 emissions from the domestic sector should also take 
into consideration how the electricity is produced. Many households rely on electricity 
for heating their homes, cooking and heating water. Therefore the mixture of fuels used 
to produce electricity for the domestic sector should be considered carefully, bearing in 
mind CO2 emissions from burning fuels.  
The energy companies responsible for installing the energy efficiency measures could use 
the methodology developed in this study for planning their work and spending. Each 
household type requires specific energy efficiency measures, therefore utilising correct 
approach would help with logistics in identified the areas with specific household types.    
However, there are a number of limitations to the developed methodology. The spatial 
outputs created at each stage of the analysis have a lower level of accuracy than the 
original datasets. This is due to bringing all the spatial datasets to the same unit. The 
spatial analysis in this thesis was performed on 1x1km
2
 grids. The spatial redistribution 
of the original datasets from LSOA or Local Authority levels to grids reduced the 
accuracy of the spatial datasets available. However this stage of the analysis has to be 
carried out before the combining of other datasets can be carried out.   
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8. Conclusions  
 
The question of how the domestic energy use is affected by the socio-economic condition 
of the household has been addressed.   
 
This study showed that economically disadvantaged households tend to have lower CO2 
emissions compared to economically viable households. The UK’s energy efficiency 
policies were designed to install energy efficiency measures in isolation from the socio-
economic conditions of the households. The spatial analysis carried out in this study 
makes it possible to combine knowledge of socio-economic condition of the household, 
tenure and the type of houses to identify geographically the areas which should be 
prioritized. The methodology developed in this study makes it possible to combine all the 
necessary elements to benefit the work of the policy makers and energy companies 
responsible for installing energy efficiency measures and most importantly help to 
identify the most vulnerable people.  
 The most deprived areas with high energy demand should be prioritised for the 
installation of the energy efficiency measures. Whereas the least deprived areas 
with high energy demand can be prioritised for behavioural change campaigns 
such as switching of lights if not need it, heating just the rooms’ people live in, 
etc. Additional to the behavioural change campaigns local government could use 
council tax bands in a combination with an Energy Performance Certificates for 
each household to create a charge for the council tax based on the amount of 
energy used. This will encourage reducing the energy use by behaviour change 
and/or installing energy efficiency measures.  
The question of how the domestic energy use is affected by type of household has been 
addressed and it has been found that: 
 The type of households has a significant influence on the amount of domestic 
energy use. This is because there is a relationship between energy use for heating 
and the external wall and window area of the building.  Detached houses have a 
larger wall area and more windows than any other similar sized household type. 
Hence detached houses are the most energy inefficient of the household types.   
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The question of how the domestic energy use is affected by the tenure of households has 
been answered and it has been shown that: 
 the ownership of the properties is related to the energy efficiency measures 
installed and affects the amount of energy used. Privately owned properties, not 
restrained by socio-economic situation, are well cared for and equipped with 
energy efficient appliances.  
Poorer privately owned households would find it unaffordable to install energy 
efficient measures. There is significant uptake of energy efficient measures in the 
properties owned by Local Authorities. This is because it is the Local Authority 
and not the resident who finances the cost of the work. Private rented properties 
have the lowest uptake of energy efficient measures because although the owner 
pays the installation cost they do not benefit from lower energy bills. 
The methodology presented in this thesis can be used as a screening tool by the policy 
makers and the energy companies. Policy makers could use the tool to identify the 
geographical areas described as “fuel poor” or “excessive energy use” areas.  The 
methodology described in this study allows identifying these areas split by different 
household’s type and different tenure. Different type of households requires very specific 
energy efficiency measures. The policy makers could use this methodology to see a 
bigger picture of the whole country. The areas could be classified as energy efficiency 
measures required for “fuel poor” households and areas behaviour change required to 
reduce energy usage.  
 Energy companies could use the described in this thesis methodology to assist 
them with planning their spending on different types of energy efficiency 
measures in different areas. This approach could help with creating a priority list 
of areas, which require the energy efficiency measures to be installed.   
 Further analysis with finer disaggregation of data would identify very precisely 
areas of interest to policy makers and energy companies.  
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9. Examples of scenarios  
 
A few examples were created in Tables 9-1 -9-4 to illustrate how the developed 
methodology could be used as a policy tool as a decision support system. It was assumed 
that cavity and solid wall insulation will be installed in 10% of the different household’s 
types in the most and the least deprived LSOAs in the GLA area.   
Cavity wall insulation - in LSOA E01004309 most deprived 
Type of household 
(using gas) 
Number of 
households 
Savings (£/year) CO2 savings 
(kgCO2/year) 
Flat 47 £2820 14,100 
Terraced 5 £425 2,250 
Semi-detached 1 £160 800 
Detached 1 £230 1,300 
Total 54 £3,630 18,450 
Table 9-1: Scenario for cavity wall insulation in the most deprived LSOA 
Solid wall insulation - in LSOA E01004309 most deprived  
Type of household 
(using gas) 
Number of 
households 
Savings (£/year) CO2 savings 
(kgCO2/year) 
Flat 47 £8,225 41,830 
Terraced 5 £1,300 6,500 
Semi-detached 1 £500 2,500 
Detached 1 £750 4,100 
Total 54 £10,775 54,930 
Table 9-2: Scenario for solid wall insulation in the most deprived LSOA 
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Cavity wall insulation - in LSOA E01000810 least deprived  
Type of household 
(using gas) 
Number of 
households 
Savings (£/year) CO2 savings 
(kgCO2/year) 
Flat 1 £60 300 
Terraced 1 £85 450 
Semi-detached 37 £5,920 29,600 
Detached 21 £4,830 27,300 
Total 60 £10,895 57,650 
Table 9-3: Scenario for cavity wall insulation in the least deprived LSOA 
Solid wall insulation - in LSOA E01000810 least deprived  
Type of household 
(using gas) 
Number of 
households 
Savings (£/year) CO2 savings 
(kgCO2/year) 
Flat 1 £175 890 
Terraced 1 £260 1,300 
Semi-detached 37 £18,500 92,500 
Detached 21 £15,750 86,100 
Total 60 £34,685 180,790 
Table 9-4: Scenario for solid wall insulation in the least deprived LSOA 
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Appendix A: Domestic energy use 
 
Graphs show the trends since 1970 for domestic energy use for different purposes in the 
household.   
 
Figure A-11 shows the household energy use for space since 1970.  
 
Figure A-1: Household energy use for space heating (TWh), (Department of Energy and Climate 
Change, 2012a) 
Figure A-22 shows the household’s energy use for water heating.  
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Figure A-2: Household energy use for water heating (TWh), (Department of Energy and Climate 
Change, 2012a) 
 
Figure A-33 shows the household’s energy use for lighting.  
 
Figure A-3: Household energy use for lighting (TWh), (Department of Energy and Climate Change, 
2012a) 
Figure A-44 shows the household’s energy use for appliances.  
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Figure A-4: Household energy use for appliances (TWh), (Department of Energy and Climate 
Change, 2012a) 
 
 
Figure A-55 shows the household’s energy use for cooking.  
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Figure A-5: Household energy use for cooking (TWh), (Department of Energy and Climate Change, 
2012a) 
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Appendix B: Spending on energy  
 
The cost of different fuel types used to produce energy is reflected in the energy prices at 
the user end. Error! Reference source not found.1 shows that oil, gas and total solid 
uels price (pence/kWh) remain stable for many years whereas the price for electricity 
shows an increase. Total solid fuels represent solid fuels: coal, anthracite, coke, peat solid 
smokeless fuel, and petroleum coke.  
 
Figure B-1: Average UK household fuel prices (p/kWh, 2009 prices) 
The comparison of final price of energy for different fuel types (potential energy in fuel) 
is presented as pence per kilowatt hour.  
Income 
Household income is directly related to the household expenditure. The data gathered by 
Palmer (2011) presented in Error! Reference source not found.2 shows that those 
ouseholds with higher income live in larger size houses with many households’ 
appliances and spending more on energy compared to low income households.   
Error! Reference source not found.2 shows the households divided into ten groups 
deciles’, with the poorest 10% to the left and the richest 10% to the right. Subsequently 
households with higher income spend more on energy than those with low household 
income.  
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Figure B-2: Average UK’s weekly expenditure on fuel, light & power and income (£/wk/household) 
2011 (Palmer, 2011) 
Spending on energy in low or high income household is not well understood. 
Theoretically the low income households should be more careful as to how much energy 
is used. However households with low income are more likely to live in poorly-insulated 
properties and with only a very small chance to make energy efficiency improvements to 
their homes. A pattern of unnecessary wasted energy on heating empty rooms or leaving 
the lights on can be seen in high income households. The high income household also can 
afford energy efficiency measures to be installed or renewable energy systems (Palmer, 
2011). 
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